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ABSTRACT 

I n  t h e  pas t  few months t h e r e  has been  c o n c e r n  as to 
w h e t h e r  t h e  ALSEP c e n t r a l  s t a t i o n  thermal  c o n t r o l  s y s t e m  would 
p e r f o r m  a d e q u a t e l y  i n  l u n a r  o p e r a t i o n .  T h i s  conce rn  was 
o c c a s i o n e d  by r e c e n t  Bendix a n a l y t i c a l  p r e d i c t i o n s  on l u n a r  
pe r fo rmance ,  and by t h e  need  t o  p r o v i d e  t h e  expe r imen t  w i t h  
8 watts a d d i t i o n a l  power and t h e  need  t o  c o n s i d e r  a l a r g e r  
power r e g u l a t o r  ( 4 0  W+55 W) so t h a t  t h e  c e n t r a l  s t a t i o n  cou.ld 
accommodate a l a r g e r  RTG power s o u r c e  ( 6 3  W+75 W). I n c l u s i o n  
o f  t h e s e  i tems would t e n d  t o  make t h e  p r e d i c t i o n s  worse .  
The a u t h o r  p a r t i c i p a t e d  i n  meet ings  which examined t h e  t h e r m a l  
p rob lem on November 17 a t  MSC, and November 3 0 ,  December 7-8, 
and  J a n u a r y  8-11 a t  Bendix ,  Ann Arbor ,  Michigan.  

T h i s  r e p o r t  summarizes t h e  a c t i o n s  a t  t h o s e  m e e t i n g s .  
After  a d e t a i l e d  examina t ion  o f  t h e  p r o t o t y p e  t e s t  da ta  and 
c o n s i d e r a t i o n  o f  t h e  impact  of minor  hardware a l t e r a t i o n s  
and  a new t h e r m a l  c o n t r o l  o p e r a t i n g  p r o c e d u r e ,  i t  was concluded  
t h a t  t h e  ALSEP c e n t r a l  s t a t i o n  t h e r m a l  d e s i g n  i s  no  l o n g e r  a 
s o u r c e  o f  g r e a t  c o n c e r n .  

(NASA-CR-93600) ALSEP CENTRAL STATION 
THERMAL D E S I G N  (Eellcomm, 11nc.f 6 p 

1979-72784 

Dnclas 
00/33 11129 



. 
BELLCOMM, INC. 
1100 Seventeenth Street, N.W. Washington, D. C. 20036 

SUBJECT: ALSEP C e n t r a l  S t a t i o n  Therma l  
Des ign  - Case 3 4 0  

DATE: F e b r u a r y  1 6 ,  1968 

FROM: ' P .  J .  Hickson  

MEMORANDUM FOR FILE 

I n  t h e  p a s t  f e w  months t h e r e  has been  c o n c e r n  as t o  
w h e t h e r  t h e  ALSEP c e n t r a l  s t a t i o n  thermal  c o n t r o l  s y s t e m  would 
p e r f o r m  a d e q u a t e l y  i n  l u n a r  o p e r a t i o n .  T h i s  c o n c e r n  was 
o c c a s i o n e d  by  r e c e n t  Bendix  a n a l y t i c a l  p r e d i c t i o n s  on l u n a r  
p e r f o r m a n c e ,  and  by  t h e  n e e d  t o  p r o v i d e  t h e  e x p e r i m e n t  w i t h  
8 wat t s  a d d i t i o n a l  power and  t h e  n e e d  t o  c o n s i d e r  a l a r g e r  
power r e g u l a t o r  (40 W+55 W) s o  t h a t  t h e  c e n t r a l  s t a t i o n  c o u l d  
accommodate a l a r g e r  RTG power s o u r c e  ( 6 3  W+75 W). I n c l u s i o n  
o f  t h e s e  i tems would t e n d  t o  make t h e  p r e d i c t i o n s  worse .  
The  a u t h o r  p a r t i c i p a t e d  i n  mee t ings  which examined t h e  t h e r m a l  
p r o b l e m  on November 1 7  a t  MSC, a n d  November 3 0 ,  December 7-8, 
a n d  J a n u a r y  8-11 a t  Bend ix ,  Ann Arbor ,  Michigan .  

The  m e e t i n g s  on November 1 7  and  November 30 were 
h e l d  t o  d e f i n e  t h e  s o u r c e  o f  c o n c e r n ,  r e q u e s t  a d d i t i o n a l  
t h e r m a l  c a l c u l a t i o n s  a n d  documenta.t ion a n d  t o  e n c o u r a g e  Bendix  
t o  u n d e r t a k e  a d e t a i l e d  r e - e x a m i n a t i o n  o f  a l l  t h e  c o n s t r a i n t s  
of  t h e  p r e s e n t  d e s i g n .  The m e e t i n g  on December 7-8 was a 
P r o t o t y p e  Thermal-Vacuum T e s t  r e a d i n e s s  r e v i e w .  A t  t h a t  
m e e t i n g ,  i t  was d e t e r m i n e d  t h a t  Bendix  h a d  a d e q u a t e  documenta- 
t i o n  a n d  p r e d i c t i o n s  prioid t o  t h e  t e s t ,  and  t h a t  t h e  t e s t  
would  s e r v e  as a Thermal  Design V e r i f i c a t i o n  T e s t .  M S C  has 
a s s i g n e d  t h e  a d d i t i o n a l  8 w a t t s  t o  t h e  e x p e r i m e n t s  and  d e t e r m i n e d  
t h a t  t h e  p r e s e n t  4 0  watt  r e g u l a t o r  i s  a d e q u a t e .  The J a n u a r y  8-11 
m e e t i n g  was h e l d  to examine i n  d e t a i l  t h e  t e s t  r e s u l t s ,  which 
were s u r p r i s i n g l y  good,  and  t h e  new a n a l y t i c a l  p r e d i c t i o n s  
r e l a t i n g  t o  a s l i g h t l y  a l t e r e d  d e s i g n  w i t h  a l t e r e d  o p e r a t i n g  
p r o c e d u r e s  ( " a c t i v e "  r a t h e r  t h a n  " p a s s i v e "  t h e r m a l  c o n t r o l ) .  
F o l l o w i n g  a day  d e v o t e d  t o  t h e  Bendix  p r e s e n t a t i o n ,  t h e  a u t h o r  
a n d  R .  S .  Harris o f  MSC s p e n t  t h r e e  days  examin ing  t h e  a n a l y t i c a l  
p r e d i c t i o n s  and  t es t  r e s u l t s  i n  d e t a i l  t o  determS.ne t h e i r  
c r e d i b i l i t y .  P e r t i n e n t  i n f o r m a t i o n  on t h e  t h e r m a l  c o n t r o l  
s y s t e m  f o l l o w s .  

The p r o t o t y p e  ALSEP c e n t r a l  s t a t i o n  t h e r m a l  c o n t r o l  
s y s t e m  i s  t o t a l l y  p a s s i v e  and  i s  c o n f i g u r e d  t o  s a t i s f y  t h e  
l u n a r  s u r f a c e  d u s t  r e q u i r e m e n t  l a i d  down i n  September  1965.  * 
The d e s i g n  c o n s i s t s  o f  a 2 f o o t  s q u a r e  h o r i z . o n t a 1  r a d i a t o r  
p l a t e  t o  which t h e  e l e c t r o n i c s  a re  t h e r m a l l y  a t t a c h e d  ( F i g u r e  1) .  
E x c e p t  f o r  t h i s  a t t a c h m e n t ,  t h e  e l e c t r o n i c s  a r e  t h e  t h e r m a l l y  

* A l l  s u n l i g h t  s u r f a c e s  a r e  assumed t o  have  1 0 0 %  d u s t  
d e g r a d a t i o n .  
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i s o l a t e d  i n  a s u p e r i n s u l a t i o n  b a g ,  and  t h e  r a d i a t o r  p l a t e  i s  
e f f e c t i v e l y  decoup led  from l u n a r  s u r f a c e  thermal  i n p u t s .  A 
s u n s h i e l d ,  which a l s o  s e r v e s  a s  an expe r imen t  t ie-down p a l l e t  
d u r i n g  l u n a r  t r a n s i t ,  i s  l o c a t e d  2 6  i n c h e s  above t h e  r a d i a t o r  
p l a t e  a f t e r  deployment .  A V-shaped s i l v e r - c o a t e d  myla r  r e f l e c t o r  
c o n n e c t s  t h e  ends  o f  t h e  s u n s h i e l d  t o  t h e  c e n t e r  o f  t h e  r a d i a t o r  
t o  p r e v e n t  r a d i a t i o n  emi t t ed  from t h e  l u n a r  s u r f a c e  from 
r e a c h i n g  t h e  r a d i a t o r .  The  r e f l e c t o r s  f a c e  n o r t h  and s o u t h  
a f t e r  deployment w i t h  s i d e  c u r t a i n s  and awnings p r e v e n t i n g  
s o l a r  r a d i a t i o n  f rom r e a c h i n g  t h e  r a d i a t o r .  The ALSEP 
e l e c t r o n i c s  were d e s i g n e d  assuming t h a t  t h e  r a d i a t o r  t e m p e r a t u r e  
would be  between OOF and l25OF. The thermal  d e s i g n  i s  i n s e n s i t i v e  
t o  a l l  l u n a r  s u r f a c e  d u s t  c o n d i t i o n s  e x c e p t  f o r  i n s u l a t i n g  
l a y e r s  o f  d u s t  on t h e  radiator or o p t i c a l  l a y e r s  o f  d u s t  on t h e  
r e f l e c t o r s .  About one-ha l f  o f  t h e  r a d i a t o r  area i s  masked 
by s u p e r i n s u l a t i o n  t o  p r o v i d e  t h e  a p p r o p r i a t e  e f f e c t i v e  r a d i a t i n g  
area.  A l t e r a t i o n s  i n  t h e  mask area w i l l  change t h e  a v e r a g e  
o p e r a t i n g  t e m p e r a t u r e  o f  t h e  r a d i a t o r  b u t  w i l l  n o t  change t h e  
day-  t o -n igh t  t e m p e r a t u r e  swing.  

I n  November t h e  p r e d i c t e d  t e m p e r a t u r e  f o r  t h e  p r o t o -  
t y p e  model i n  l u n a r  o p e r a t i o n ,  b u t  w i t h  t h e  l a r g e r  75 W RTG 
and  55 W r e g u l a t o r ,  were -20°F t o  1 6 7 O ~ ,  a swing  o f  187FO. 
F u r t h e r ,  w h i l e  t h e  swing  was n e a r l y  t h e  same a t  e a c h  p o i n t  
on t h e  r a d i a t o r ,  t h e  r a d i a t o r  has a t e m p e r a t u r e  d i s t r i b u t i o n  
o f  + 10Fo a b o u t  i t s  mean t e m p e r a t u r e .  These p r e d i c t i o n s  
r e s u l t e d  i n  t h e  i n i t i a l  concern  o v e r  thermal  c o n t r o l .  

I n  December t h e  p r e - t e s t  p r o t o t y p e  A p r e d i c t i o n  f o r  
t h e  vacuum chamber o p e r a t i o n  was -lo(+ 10)OF t o  130(+ 10)OF. 
The t e s t  measurements  show a r a d i a t o r - t e m p e r a t u r e  o f -  
-13(+ ')OF t o  105(+ 9 7 ) ° F .  The t e s t  a l s o  r e v e a l e d  t h a t  t h e  - 7  - 
p r e d i c t e d  AT between t h e  r a d i a t o r  and  i n d i v i d u a l  e l e c t r o n i c  
components o f  1 5  t o  60F0 were g e n e r a l l y  h i g h  by a f a c t o r  o f  2* .  
T h i s  somewhat r e l i e v e s  t h e  concern  a b o u t  r a d i a t o r  h o t - s p o t s ,  
e s p e c i a l l y  i n  l i g h t  o f  t h e  f a c t  t h a t  most e l e c t r o n i c  components 
are  g i v e n  a ( s h o r t )  f u n c t i o n a l  t e s t  a t  s o a k  t e m p e r a t u r e s  o f  
-20°F and  + 158OF, and t h e  communication components a t  -lO°F 
a n d  + 14O0F. A small  c o r r e c t i o n  t o  3 g e o m e t r i c  r a d i a t i o n  view 
( F )  f a c t o r s  ( w o r t h  -6FO on t h e  r a d i a t o r  swing)  and i n c r e a s i n g  

*The 60F0 e s t i m a t e  f o r  AT a p p l i e s  t o  t h e  Power C o n d i t i o n i n g  
U n i t s  ( P C U )  r e g u l a t i n g  t r a n s i s t o r  which can  have a power d i s s i -  
p a t i o n  of up t o  1 2  wat t s .  The t e s t  gave a measured v a l u e  o f  
37F" f o r  t h i s  component and < 10Fo f o r  a l l  o t h e r s .  
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t h e  r e f l e c t o r  r e f l e c t i v i t y  t o  0 . 9  (wor th  -4FO) s t i l l  l e a v e s  
t h e  p r e d i c t i o n  gFo h i g h  ( a f t e r  t h e  t e s t  p r e d i c t i o n  i s  c o r r e c t e d  
t o  t h e  measured t e s t  v a l u e s  of power,  e t c .  : worth  -9FO). 
The p r e d i c t i o n  below i s ,  t h e r e f o r e ,  9Fo l o w e r  t h a n  t h e  computer  
answer .  

The c u r r e n t  ALSEP, s t a r t i n g  w i t h  t h e  Q u a l  A model,  
has t h e  awnings removed ( a l l o w i n g  s o l a r  r a d i a t i o n  on t h e  
mask of  t h e  r a d i a t o r  o n l y ,  t a k e n  as wor th  -15F0) ,  a 40 watt 
r e g u l a t o r ,  a 63 W RTG ( g u a r a n t e e d ) ,  a n d  t h e  new day a n d  n i g h t  
expe r imen t  powers ( g i v i n g  a P C U  o u t p u t  power o f  38/51 wa t t s ) .  
The l a t e s t  Bendix p r e d i c t i o n  of t h e  r a d i a t o r  t e m p e r a t u r e  swing  
i s  now 148FO. The l a t e s t  MSC p r e d i c t i o n  o f  t he  t e m p e r a t u r e  
swing  i s  125FO. T h i s  i s  accompl ished  by :  

1. u s e  o f  a more r e a l i s t i c  l u n a r  s u r f a c e  model -5FO 
t h a n  t h e  o v e r - c o n s e r v a t i v e  one p e r m i t t e d  
i n  t h e  Bendix  p r e d i c t i o n  ( i . e . ,  t h e  u s e  o f  
r e a l i s t i c  t h e r m a l  p r o p e r t i e s  f o r  t h e  l u n a r  
s u r f a c e ,  i n c l u d i n g  t h e  e f f e c t s  o f  shadowing 
u n d e r n e a t h  t h e  c e n t r a l  s t a t i o n ,  has t h e  
e q u i v a l e n t  e f f e c t  o f  u s i n g  i s o l a t i n g  pads  
between t h e  c e n t r a l  s t a t i o n  and  a n  i s o -  
t h e r m a l  moon). 

2 .  u s e  o f  measured v a l u e  o f  t h e  f l i g h t  RTG power - 8 F O  
a t  %68 wat ts  

3 .  u s e  o f  t h e  e x i s t i n g  command power dumps -10FO 
d u r i n g  t h e  l u n a r  day on ly  ( i . e . ,  o p e r a t i o n a l  
change t o  " a c t i v e "  t h e r m a l  c o n t r o l *  b y  
dumping 2 1  watts o u t s i d e  t h e  c e n t r a l  s t a t i o n )  

i . e . ,  t o t a l  decpease  below t h e  Bendix  p r e -  -23F0 
d i c t i o n  o f  148F0 i s  23F0,  f o r  a n e t  of  125FO. 

A c t u a l l y  t h e  awning removal  may be  wor th  -20FO r a t h e r  t h a n  t h e  
-15FO u s e d  i n  t h e  above ,  s o  t h a t  t h e  p r e d i c t i o n  may b e  c l o s e  
t o  120FO. T h i s  c o u l d  go t o  115F0 i f  i n t e r n a l  dump r e s i s t o r s  
can  be  added t o  t h e  exper iment  No. 5 s w i t c h e s ,  or i f  one s e t  
o f  Power C o n d i t i o n i n g  Uni t  ( P C U )  r e g u l a t o r  r e s i s t o r s  can  be  
moved i n s i d e  t h e  c e n t r a l  s t a t i o n  ( e a c h  wor th  -5FO b u t  n o t  
a d d i t i v e )  w i t h  no s c h e d u l e  s l i p .  I n  any c a s e ,  some i n s u r a n c e  
i s  a v a i l a b l e  i n  t h a t  emergency u s e  o f  t h e  ALSEP c o n t i n g e n c y  
h e a t e r  i s  wor th  -6FO on t h e  r a d i a t o r  swing  b u t  would s w i t c h  

*No power i s  (or need  b e )  s p e c i f i c a l l y  a l l o c a t e d  f o r  
thermal  c o n t r o l .  
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one  expe r imen t  t o  s t a n d b y *  ( i . e . ,  degrade t h e  t o t a l  s c i e n c e  
o u t p u t  of  ALSEP i f  100% coverage  of all e x p e r i m e n t s  i s  e s s e n -  
t i a l ) .  

I n  summary, h a v i n g  examined t h e  P r o t o t y p e  t e s t  data 
and t h e  a n a l y t i c a l  p r o c e d u r e s  u s e d  by Bendix ,  i t  i s  conc luded  
t h a t  t h e  p r e s e n t  t e m p e r a t u r e  p r e d i c t i o n s  are  f a i r l y  r e l i a b l e  
(+5F0 t o  -10FO i s  o u r  es t imate  f o r  e a c h  p r e d i c t e d  t e m p e r a t u r e ) * *  
and  t h a t  t h e  ALSEP c e n t r a l  s t a t i o n  thermal  d e s i g n  i s  no  l o n g e r  
a s o u r c e  of  g r e a t  conce rn .  T h i s  does  n o t  o b v i a t e  t h e  n e e d  t o  
c o n s i d e r  t h e  p o s s i b i l i t y  of d e g r a d a t i o n  due t o  d u s t  a c c r e t i o n  
c a u s e d  by t h e  LM a s c e n t  b l a s t .  A s  n o t e d  above ,  a 10% d e c r e a s e  
i n  t h e  s p e c u l a r  r e f l e c t i v i t y  of b o t h  r e f l e c t o r s  would i n c r e a s e  
t h e  t e m p e r a t u r e  swing  o f  t h e  r a d i a t o r ;  b y  a b o u t  4F0. 

While n o t  f o r m a l l y  recommended, w e  s u p p o r t  t h e  
f o l l o w i n g  views : 

1. The p r e s e n t  a n a l y t i c a l  es t imate  o f  t h e  power 
d i s s i p a t e d  i n s i d e  t h e  c e n t r a l  s t a t i o n  as a f u n c t i o n  
of P C U  o u t p u t  power f o r  a n  assumed t o t a l  power 
o u t p u t  o f  t h e  RTG i s  t h e  sum of two te rms:  1) t h e  
PCU power c o n v e r t e r  loss i s  5 W + 7% of  t h e  P C U  
o u t p u t  power,  2 )  a p a r a b o l a - l i k e  term f o r  t h e  
power loss i n  t h e  P C U  r e g u l a t o r  t r a n s i s t o r  which 
has a b a s e  v a l u e  o f  z e r o  and  a peak o f  Q J ~  W .  T h i s  
d i s s i p a t e d  power c a n ,  t h u s ,  t o t a l  a b o u t  9 t o  19 
wat ts .  Only i n d i r e c t  da ta  on t h i s  c r u c i a l  power 
map i s  a v a i l a b l e  f rom t h e  P r o t o t y p e  t e s t ,  and s o  
d e t a i l e d  measurements o f  t h e  P C U  power map s h o u l d  
b e  made as soon as  p o s s i b l e .  

2 .  The a l t e r e d  d e s i g n  and new o p e r a t i n g  p r o c e d u r e s  and  
power l e v e l s  s h o u l d  be  thermal-vacuum t e s t e d  as soon 
as c o n v e n i e n t .  Most of  t h e  swing  changes r e p o r t e d  
above were f f d e l t a s "  f rom a nominal  computer  o u t p u t  
assuming tha t  t h e  r a d i a t o r  t e m p e r a t u r e  change p e r  
watt  o f  power d i s s i p a t e d  i n  t h e  c e n t r a l  s t a t i o n  i s  

*The ALSEP c e n t r a l  s t a t i o n  i s  p r o v i d e d  w i t h  a 1 0  W con- 
t i n g e n c y  h e a t e r  which i s  t h e r m o s t a t i c a l l y  s w i t c h e d  on a t  -lO°F 
and o f f  a t  O O F .  I f  on ,  i t  can  be commanded o f f .  If t h e  ALSEP 
power demands exceed  t h e  RTG o u t p u t ,  an  a p p r o p r i a t e  number o f  
e x p e r i m e n t s  a r e  a u t o m a t i c a l l y  s w i t c h e d  t o  s t a n d b y  ( s u r v i v a l )  
power l e v e l s  by t h e  c e n t r a l  s t a t i o n .  

**Not a l a r g e  e r r o r  on a r a d i a t i n g  t e m p e r a t u r e  o f  up t o  
6 O O O R  w i t h  complex geometry i n  a 50  node a n a l y s i s .  
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+ 3F0 a t  n i g h t  and  + 1 t o  + 1 1 / 2  Fo i n  t h e  l u n a r  
day .  Hence, d e t a i l e d  computer  c a l c u l a t i o n s  on t h e  
f i n a l  c o n f i g u r a t i o n  and o p e r a t i n g  powers s h o u l d  
p r o c e e d  on a p r i o r i t y  basis  and a f i n a l  p r e s e n t a t i o n  
and  r ev iew b e  s c h e d u l e d  t o  f i n a l l y  c l e a r  t h i s  i s s u e  
a t  an  e a r l y  da te .  

3.  F u t u r e  ALSEP's s h o u l d  b e  p r o v i d e d  w i t h  d u p l i c a t e  
s e t s  o f  r e g u l a t o r  r e s i s t o r s  ( o f  b o t h  r e d u n d a n t  P C U ' s ) ,  
one s e t  i n s i d e  and  one o u t s i d e  t h e  c e n t r a l  s t a t i o n  
and w i t h  t h e  command c a p a b i l i t y  t o  s w i t c h  from one 
s e t  t o  t h e  o t h e r  a s  d e s i r e d .  T h i s  would p r o v i d e  
ALSEP w i t h  a p r o p o r t i o n a l  power dump b o t h  i n s i d e  
and o u t s i d e  t h e  c e n t r a l  s t a t i o n ,  and t h u s ,  a l l o w  
e v e r y  a v a i l a b l e  f r a c t i o n  o f  a wat t  t o  b e  u s e d  f o r  
thermal  c o n t r o l .  P o s s i b l y  t h i s  might now b e  implemented 
u s i n g  t h e  exper iment  No. 5 s w i t c h e s .  

S i n c e  t h e  t tproblem" r e p o r t e d  h e r e  was p r e c i p i t a t e d  
i n  pa r t  by a d d i t i o n a l  a l l o c a t i o n s  o f  thermal  c o n t r o l  
power t o  two e x p e r i m e n t s ,  i t  would seem a p p r o p r i a t e  
t o  s u b j e c t  t h e  expe r imen t  t h e r m a l  d e s i g n s  t o  t h e  
same c a r e f u l  s c r u t i n y  i f  f o r  no  o t h e r  p u r p o s e  t h a n  
t o  a v o i d  r e q u e s t s  f o r  f u r t h e r  a l l o c a t i o n s .  

4. 

5 .  The r e l i a b i l i t y  of ALSEP s h o u l d  be  assessed i n  
d e t a i l  f o r  o p e r a t i o n  o u t s i d e  t h e  nominal  OOF and 
125OF l i m i t s .  

6 .  The e x t e n t  o f  d e g r a d a t i o n  o f  ALSEP c e n t r a l  s t a t i o n  
thermal  c o n t r o l  due t o  d u s t  a c c r e t i o n ,  caused  by  t h e  
LM a s c e n t  b l a s t ,  s h o u l d  b e  assessed i n  d e t a i l ,  
e s p e c i a l l y  as t o  t h e  e f f e c t  o f  o f f -nomina l  deployment  
f rom LM. 

7 .  Removal o f  t h e  p r e s e n t  s i d e  c u r t a i n s  s h o u l d  b e  
g i v e n  a p p r o p r i a t e  ( l o w - p r i o r i t y  ) e v a l u a t i o n ,  s i n c e  
i t  i s  t h e  on ly  low-impact hardware m o d i f i c a t i o n  l e f t  
t o  c o n s i d e r .  

2 0  15-PJH-kse P .  J ."Hickson 



FIGURE I - ALSEP CENTRAL STATION, PROTOTYPE MODEL CONFIGURATION. THE QUALIFICATION AND 
FLIGHT MODELS HAVE THE SHADED AREAS REMOVED 
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